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1
BIOERODIBLE POROUS COMPOSITIONS

CROSS-REFERENCE TO RELATED
APPLICATTONS

This application 1s a continuation-in-part of our applica-
tion Ser. No. 08/508,031, filed Jul. 28, 1995, now aban-

doned.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

Not applicable.

REFERENCE TO MICROFICHE APPENDIX
Not applicable.

BACKGROUND OF THE INVENTION

This mvention relates to bioerodible porous compositions
for the sequestration and sustained delivery of active agents,
particularly pharmaceutical active agents.

Successtul treatment of a variety of conditions 1s limited
by the fact that agents known to effectively treat these
conditions may have severe side effects, requiring low
dosages to minimize these side effects. In other instances,
the therapeutic agents may be very labile, or have very short
half-lives requiring repeated administration. In still other
instances, the long term administration of a pharmaceutical
agent may be desired.

In all these cases, the ability to deliver a controlled dosage
in a sustained fashion over a period of time may provide a
solution. One method of doing so that has received a fair
amount of attention 1s the sequestration and subsequent
controlled release of active agents mto and from porous
compositions.

A number of publications describe the use of nondegrad-
able porous microbeads. For example, U.S. Pat. No. 4,690,
825 to Won describes delivery vehicles comprised of a
polymeric bead, preferably made of polystyrene, or poly
(methyl methacrylate) having a rigid, substantially non-
collapsible network of pores with an active ingredient held
within the network, for use 1n a method to provide controlled
release of the active ingredient. The delivery vehicles can be
polymerized by a process in which the active mngredient also
comprises the porogen during formation of the network of
pores. The beads may be dried to obtain a powder-like
substance comprised of beads which retain the porogen
within the network of pores. U.S. Pat. No. 5,145,675 to Won
describes the use of a porogen 1n the preparation of polymer
beads preferably made of polystyrene, or poly(methyl
methacrylate) having a rigid, substantially non-collapsible
network of pores. Active agents are then diffused into the
porous beads from an external solution. However, both of
these compositions are nondegradable and are thus only
usetul 1n topical applications where removal 1s not neces-
sary. Clearly, for systemic applications where porous micro-
particles are implanted 1n an appropriate body site 1t 1s
essential that the polymer microspheres be biodegradable.

Heretofore, major activity in the development of biode-
cradable microspheres has been concentrated on porous
microspheres constructed from lactide/glycolide copoly-
mers as described by Sato et al.(1988), Pharm. Res. 5:
21-30, or by Supersaxo et al. (1993), J. Controlled Release
23, 157-164. However, the preparation of these hollow
microspheres requires the use of organic solvents such as
methylene chloride which must be subsequently removed so
that only a few parts per million remain, a very difficult task.
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Also, the bioerosion of lactide/glycolide copolymers 1s
relatively slow. Further, even though lactide/glycolide
copolymers have obtained FDA approval for certain uses,
they are not GRAS (“generally regarded as safe”) materials
and for this reason, extensive toxicological studies are
necessary before new uses are approved.

Thus, there exists a need to develop bioerodible, porous
compositions that can be prepared i1n an aqueous
environment, 1nto which sensitive therapeutic agents can be

casily and reproducibly mcorporated and from which they
can be released 1n an active state. It 1s further desirable that
the materials used to make the compositions be GRAS
(“generally regarded as safe”) materials. Although there has
been no reported work dealing with preparation of porous
microspheres that can be prepared 1n an aqueous
environment, there has been a great deal of work on solid
porous particles that can be prepared in an aqueous envi-
ronment. That work can be generally divided into work
dealing with the incorporation of living cells, and work
dealing with the incorporation of antigens and proteins.

U.S. Pat. No. 5,116,747 to Moo-Young et al. describes the
immobilization of cells and other biologically active mate-
rials within a semipermeable membrane or microcapsule
composed of an anionic polymer such as alginate induced to
oel 1n the presence of calctum and/or a polymeric polycation
such as chitosan. U.S. Pat. No. 4,663,286 to Tsang et al.
describes the encapsulation of solid core materials such as
cells within a semipermeable membrane, by suspending the
core material in a solution of a water-soluble polyanionic
polymer, preferably alginate salts, forming droplets, and
oelling the polyanion with a polyvalent polycation such as a
polypeptide, a protein or a polyaminated polysaccharide,
preferably polylysine, polyarginine, or polyornithine. This
patent further teaches controlling the porosity and perme-
ability of the disclosed compositions to molecules ranging,
from about 60,000 to about 900,000 daltons by changing the
degree of hydration of the polymer. Incubation 1n saline or
chelating agents increases hydration and expands the gels,
whereas incubation 1n calcium chloride contracts the gel
mass. Increases 1in charge density of the polycationic mem-
brane generally produces smaller pores. Increases 1n the
molecular weight of the polycationic polymer generally
produce a thicker, less permeable membrane. U.S. Pat. No.
4,803,168 to Jarvis describes the encapsulation of core
materials such as cells, enzymes, antibodies, hormones, etc.
within a semipermeable membrane or microcapsule com-
posed of an aminated polymeric inner layer such as chitosan
ionically bound to an anionic polymeric outer layer such as
polyglutamic or polyaspartic acid, and having a porosity of

about 80,000 daltons.

A number of publications describe the incorporation of
antigens and proteins 1nto calcium alginate microparticles.
For example, Bowersock et. al. (1996), J. Controlled
Release 39: 209-220, describe development of oral vaccines
using an alginate microsphere system and Downs et. al.
(1992), J. Cell. Physiol. 152: 422-429 describe the release
of growth factors from calcium alginate beads. However,
entrapment efficiency was very low and typically, more than
90% of the active agent 1s not incorporated. Because many
of these agents are very expensive, and 1n some cases high
concentration of the active agent i1n the microsphere 1s
desired, improved methods for preparing drug-loaded
microspheres are needed.

A publication by Wheatley et. al. (1991),J. Appl. Polymer
Sci., 43: 2123-2135, describes a method for improving,
entrapment efficiency in alginate/polycation nicrospheres. In
this method a diffusion-filling technique 1s used where blank
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calcium alginate beads are coated twice with small amounts
of a polycation and protein then loaded into these capsules
by stepwise diffusion from solutions of increasing drug,
concentration. This 1s then followed by a final coating with
a polycation. This 1s a laborious and time-consuming pro-
cess that requires a number of steps, 1.€. empty alginate bead
formation, precoating with a polycation, multistep diffusion
of drug into the bead and final coating with a polycation.
Even using this complex procedure, a maximal loading of
only 30 wt % could be achieved.

The disclosures of these and other publications referred to
throughout this application are incorporated herein by ref-
erence.

BRIEF SUMMARY OF THE INVENTION

We have now discovered that if we prepare porous
particles of a composition (such as calcium alginate
microspheres) by dispersing a solution of a polymeric
anionic material (such as sodium alginate or other polysac-
charides bearing carboxyl functionalities) into a solution of
a polycation (such as calcium chloride solution) and then
dehydrate the particles by controlled dehydration (e.g.
lyophilization), a highly porous bioerodible particle forms
into which therapeutic agents can be diffused from an
external solution. Once the diffusion process has been
completed, the particles may again be dehydrated by con-
trolled dehydration, and then coated with a polycatio. We
have further discovered, that the amount of polycation used
to coat the particles can control the release of an incorpo-
rated active mgredient within unexpectedly wide limits. In
this way, crosslinked, polycation coated particles having a
drug loading 1n excess of 50 wt % and that can release drugs
in a controlled manner have been achieved.

It 1s an objective of this invention to provide porous
bioerodible compositions for the sequestration and sustained
delivery of active ingredients, which compositions are well
tolerated by mammals and enable the sequestration and
delivery of a greater amount of the active mgredient than
prior art compositions. Accordingly, the 1nvention provides
macroporous compositions of 1onically cross-linked polya-
nions and polycations 1into which more than 50 wt % of a
water-soluble active agent can be incorporated and from
which 1t can be released 1n a controlled manner.

Active agents can be 1introduced subsequently by diffusing
the active agent i1nto the porous compositions from an
external aqueous solution. Because the active agent 1s never
exposed to harsh experimental conditions or to organic
solvents, biological activity 1s retained.

Apreferred embodiment comprises macroporous bioerod-
ible particles prepared from alginate and chitosan, which
have been 1onically crosslinked and thus have not undergone
any changes that would alter their GRAS status. Although a
number of experimental procedures can be utilized to pre-
pare the compositions of the invention, a particularly advan-
tageous method uses calcium alginate particles having a
preselected size and size distribution which have been
created by spraying sodium alginate into a calcium chloride
solution and then lyophilizing to create a porous structure,
stirring 1n a drug solution and then incubating 1n a chitosan
solution.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A is a scanning electron micrograph (SEM) of the
surfaces of alginate/chitosan microspheres (particles accord-
ing to this invention); FIG. 1B is a SEM of the interiors.

FIG. 2 illustrates the size ditribution of alginate/chitosan
microspheres.
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FIG. 3 1illustrates the release of bovine serum albumin
(BSA) sequestered within alginate/chitosan microspheres.

FIG. 4 1llustrates the release of IL-2 sequestered within
alginate/chitosan microspheres.

FIG. 5 1illustrates the sustained release of ricin toxoid
vaccine sequestered within alginate/chitosan microspheres.

FIG. 6 illustrates the immunogenicity of ricin toxoid
vaccine sequestered within alginate/chitosan microspheres.

DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENTS

In the instant invention, a porous delivery vehicle com-
prised of a polymeric composition having an active ingre-
dient held within the pores 1s utilized to provide a controlled
time release of the active ingredient. In accordance with the
present invention, the active ingredient 1s released from the
porous delivery vehicle 1n a sustained fashion.

One property of the compositions provided herein that
distinguish them from all prior art 1s their greatly enhanced
ability to absorb drugs and the prolonged release possible.
The prior art neither teaches nor suggests macroporous
polyelectrolyte compositions of the type disclosed herein
prepared by controlled dehydration, nor discloses prolonged
release or readily controllable kinetics.

DEFINITIONS

“Porous matrix” denotes the physical structure of the
composition formed as a result of the electrostatic 1onic
interaction between a first polymeric 1on with a multifunc-
tional cation and a third multivalent or polymeric 1on having
an opposite charge. When such a first and second and third
polymeric or polyvalent 1ons having opposite charges are
contacted 1n a solution, they often form spherical polyelec-
trolyte particles, termed microspheres or beads, which may
range 1n size from less than 1 to about 1000 um. However,
other shapes, such as wrregularly shaped particles, or larger
compositions readily visible to the naked eye, are also
contemplated.

“Bioerodible” signifies that the porous matrix may be
disassembled or digested into i1ts component molecules by
the action of the environment or particularly by the action by
living organisms, and optionally metabolized or digested
into simpler constituents without poisoning or distressing
the environment or the organism. Bioerodible compositions
according to the invention are preferably made of GRAS
materials. Preferred polyelectrolyte combinations are
alginate/chitosan, alginate/polylysine, alginate/
polyarginine, gum arabic/albumen, galactan sulfate/
chitosan, alginate/polyvalent cations (e.g., calcium),
polyphosphagine/polyvalent cations, but other materials and
combinations are possible that are within the knowledge of
persons of ordinary skill. The concentration of the polymeric
anionic molecule and the polymeric cationic molecule used
to formulate the composition independently ranges from
about 0.1 to about 15% w/v. Preferably, the concentration of
the polymeric anionic molecule and the polymeric cationic
molecule used to formulate the composition independently
ranges from about 0.5 to about 5% w/v. Most preferably, the
concentration of the polymeric anionic molecule and the
polymeric cationic molecule used to formulate the compo-
sition independently ranges from about 0.5 to about 3% w/v.
Ditferent proportions of polycations and polyanions may be
used, depending on the nature of the active ingredient, the
desired pore size, the desired capacity to uptake water and/or
the desired rate of releasing the active ingredient.
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“Alginate” or “algin” denotes the sodium salt of alginic
acid (polymannuronic acid). Alginate 1s a gelling
polysaccharide, typically extracted from kelp; and 1s the
sodium salt of a linear polymer of B-(1—=4)-D-
mannosyluronic acid and a-(1—4)-D-gulosyluronic acid
residues, the proportions of which vary with the source and
state of maturation of the plant.

“Chitosan” 1s the deacylated form of chitin, and 1s a
cellulose-like biopolymer consisting predominantly of
unbranched chains of p-(1—4)-2-amino-2-deoxy-D-glucose
(also known as D-glucosamine) residues.

“Macroporous” denotes a composition comprised of a
network of mterconnected pores whose capacity to absorb
and retain drugs has been enhanced 1n comparison with
composition lacking a network of interconnected pores. A
preferred method for forming such a network of intercon-
nected pores 1s by controlled dehydratation.

“Controlled dehydration” denotes methods for dehydra-
fion which avoid collapsing the porous network and/or
maintain or enhance the macroporous matrix and fluid
uptake. The preferred method of controlled dehydration for
the compositions of this invention 1s lyophilization, also
known as freeze drying, but other methods may be used,
such as exposure to a graded series of solvents (e.g.,
alcohols) that extract the water without collapsing the struc-
ture of the polyelectrolyte matrix.

“Sequestration” denotes that an active ingredient 1s
reversibly confined or held within the porous spaces of the
porous matrix. The active ingredient may be a freely dit-
fusible solute 1n a fluid medium that fills the pore, but the
term sequestration also encompasses active ingredients 1n
the solid or gaseous state, or an interaction between the
matrix and the active ingredient, such as an electrostatic
attraction or a hydrophobic interaction, that reversibly
attaches the active mgredient to the matrix.

An “active 1ngredient” 1s any functional ingredient or
ingredient which 1s released from the porous matrix to
perform some function. “Active 1ngredient” 1s broadly
defined to encompass any functional ingredient so long as 1t
1s held within the network of pores of a porous composition
according to the present invention. Thus, for example, the
active ingredient might comprise anti-infectives (such as
antibiotics, fungicides, scabicides, pediculicides or miscel-
laneous anti-infectives such as iodine), anti-inflammatory
agents, anftipruritics, astringents, anti-hidrotics, keratolytic
agents and caustics, keratoplastic agents, rubefacients,
sunscreens, pigmentation agents, emollients, demulcents,
protectants and detergents. The active ingredient might be
used 1n a variety of applications such as beauty aids,
including cosmetic and toiletry applications, and the active
ingredient may be incorporated 1n a medium such as a gel,
a cream, a lotion, an ointment, a liquid or the like. The active
ingredient may be a living cell, a vaccine, a growth factor,
a protein or peptide drug (.e.g. insulin, erythropoietin), a
vitamin (e.g., vitamin B-12).

“Administered to a mammal” means that the composition
containing an active 1ngredient 1s administered orally,
parenterally, enterically, gastrically, topically, transdermally,
subcutaneously, locally or systemically. The composition
may optionally be administered together with a suitable
pharmaceutical excipient, which may be a saline solution,
cthyl cellulose, acetotephtalates, mannitol, lactose, starch,
magnesium stearate, sodium saccharin, talcum, glucose,
sucrose, carbonate, and the like.

“Sustained delivery” or “sustained time release” denotes
that the active ingredient i1s released from the delivery
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vehicle at an ascertainable and manipulatable rate over a
period of minutes, hours, days, weeks or months, ranging
from about thirty minutes to about two months. The release
rate may vary as a function of a multiplicity of factors such
as particle size, particle composition, particle hydration,
pore size, solvent composition, solubility of the active
ingredient and molecular weight and charge density of the
active mgredient.

Sequestration of an active ingredient within the pores of
a porous delivery vehicle may serve one or more purposes.
It may limat the toxic effect of a compound, prolong the time
of action of a compound 1n a controlled manner, permit the
release of an active ingredient in a precisely defined location
In an organism, protect unstable compounds against the
action of the environment, convert a liquid or gaseous
substance into a pseudosolid material, or mask an unpleasant
odor or taste.

To utilize a delivery vehicle 1n accordance with the
method of the present invention, the delivery vehicle is
mixed with a medium to form a mixture which 1s applied to
a surface or administered to a mammal. The active ingre-
dient is then released from the network of pores by diffusion
or volatilization. Alternatively, the active ingredient may be
released by a force such as pressure. Pressure release may by
oradual and continuous. Pressure release may also be trig-
cgered by intermittent pressure which may vary the concen-
tfration of active ingredient released from the network of
pores.

The delivery vehicle may be incorporated 1n a medium,
such as a solution, suspension, tablet, pill, capsule, powder,
oel, cream, lotion, omntment, liquid, acrosol or the like,
which may then be applied to a surface, injected, 1s inhaled,
or administered to a mammal orally or parenterally. For
example, the delivery vehicle containing the active igredi-
ent might be mncorporated into cosmetic preparations such as
hand creams, acne products, deodorants, antiperspirants,
baby powders, foot powders, body powders, lip 1ces, lip
sticks, baby creams and lotions, mouthwashes, dentifrices,
medicated facial creams and lotions, shampoos, shaving
creams, pre- and after-shave lotions, depilatories and hair-
orooming preparations. The active ingredient may then be
released by pressure, diffusion or volatilization. Thus, the
delivery vehicle 1s uniquely suited for use 1 a wide variety
of applications 1n which 1t 1s desirable to release an active
ingredient by one or more methods.

The 1nvention 1s 1llustrated further in the following
Examples.

EXAMPLE 1

Preparation of Protein-Loaded Porous Alginate/
Chitosan Microspheres

Porous alginate beads were first formed by inducing the
oelation of sodium alginate solution with CaCl, followed by
lyophilization. Then, the desired protein was entrapped 1nto
the porous alginate/CaCl, beads by stirring the alginate
beads 1n a protein solution having the desired concentration.
Next, a calculated volume of chitosan solution was added to
the alginate beads containing entrapped protein.

Calcium chloride-crosslinked alginate beads were formed
by infusing a 2-3% (w/v) sodium alginate solution at pH 6.5
into an atomizer at a rate of 1.91 mL/min using an automatic
infusion/withdrawal pump (model 600-950; Harvard Appa-
ratus Co., Dover, Mass.), and sprayed, with the help of a
nitrogen jet at 3—4 psi into 800 mL of a 0.5% Ca(l, solution
under magnetic stirring. The thus-formed beads were
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allowed to stand 1n the CaCl, solution for 10 min. to
complete the cure. The CaCl, solution was decanted, and the
resulting microspheres washed several times with deionized
water and lyophilized to form the porous microspheres of
this invention. FIG. 1A 1s a scanning electron micrograph
(SEM) of the surface of a microsphere according to this
invention; FIG. 1B 1s a stmilar SEM showing the interior of
a microsphere. As may be seen from the SEMs, the micro-
spheres show a fibrous macroporous structure. The pores
form as a consequence of the controlled drying
(lyophilization) process since during crosslinking the
polysaccharides swell 1n a continuous liquid phase which 1s
removed during lyophilization. FIG. 2 illustrates the size
distribution of microspheres prepared according to this

invention; 90% of the microspheres have diameters between
20 and 100 um.

The resulting porous alginate beads were then stirred 1n a
protein solution having the desired concentration for 30 min.
at room temperature, thereby filling the pores of the beads
with the protein and dried. Then, chitosan dissolved 1 a
minimun amount of phosphate buffered saline (PBS) was
slowly added to the CaCl,-crosslinked alginate micro-
spheres containing entrapped protein, to encapsulate the
protein 1n the microspheres, and the final product was
obtained by lyophilization.

EXAMPLE 2

Sustained Release of Bovine Serum Albumin
(BSA) from Alginate/Chitosan Microspheres

FITC-BSA loaded microspheres were prepared by mixing,
PBS containing bovine serum albumin-fluorescein isothio-
cyanate (FITC-BSA) with alginate/chitosan microspheres
prepared as 1n Example 1 containing various percentages of
chitosan. BSA release from the microspheres was deter-
mined with a USP dissolution apparatus at 50 rpm, using 100
mL of PBS as dissolution medium, and 50 mg of micro-

spheres loaded with FITC-BSA. The release of FITC-BSA
was monitored by UV absorption at 495 nm.

The results are shown 1n FIG. 3. It 1s clear that variation
in the amount of chitosan used allows the preparation of
particles that can release BSA at relatively constant kinetics
for periods of time ranging from days to months.

EXAMPLE 3

Sequestration and Sustained Release of Interleukin-
2 (IL-2), and Immunostimulation with IL-2-
Containing Macroporous Microspheres

Cytotoxic T-lymphocytes (CTL) have been widely inves-
tigated as effective killer cells for cancer clinical immuno-
therapy. C'TL can be induced by co-culturing tumor cells and
peripheral 1mmune cells 1n the presence of interleukin.
However, due to the short half-life of interleukin, inconve-
nient multiple 1njections are required. Further, to be
cffective, high doses of interleukin are required, which can
result 1 side-effects, such as coma or dehydration.

One approach to overcome these obstacles 1s to use an
appropriate controlled release system. Accordingly,
chitosan/alginate particles containing sequestered IL-2 were
synthesized essentially as described i Example 1. In this
particular case, the porous particles (1 g) were incubated in

an IL-2 (Redin Cell Bank, Japan) solution (4 mL, 1500 U/ml
[L-2 in PBS) for 1 hr.

Interleukin-2 release was determined as follows: A 6-well
cell culture plate equipped with a porous membrane insert
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(pore size, 0.45 nm), which separates the well into two levels
was used. Macroporous particles loaded with IL-2 were
placed on the top of the 1solation membrane, and 5.0 mL of
the culture medium [RPMI 1640 cell culture medium (Gibco
BRL, Tokyo, Japan) containing 5% heat-inactivated fetal
calf serum], and the amount of released IL-2 present in the
lower chamber was determined by using an IL-2 ELISA kat.

As shown 1n FIG. 4, the IL-2 release from the alginate/
chitosan particles took place over 5 days, and almost 100%
of the active IL-2 was recovered in the cell culture medium.

Induction of CTL: Human lung squamous cell carcinoma
SQ-5 cells (SQ-5) (Riken Cell Bank, Kyoyadai, Japan),
orown to a confluent state, and peripheral blood mono-
nuclear monocytes (PBMC) (from volunteers), 5 mlL at
1x107 cells/mL, were placed in the lower level of a 6-well
multiplate equipped with a porous membrane (0.45 nm, pore
size) to separate the well into two levels, and the alginate/
chitosan/IL-2 (0.1 g; about 600 U/well) particles were
loaded above the membrane. On-half the medium was
changed each day. After one week 1n culture, induced
lymphocytes were 1solated from the mixture, and their tumor

killing activity measured. As a control, an amount of free
soluble IL-2 (about 250 U) was added to the plate daily for

5 days.

Tumor killing activity assay: Target tumor cells (SQ-5,
AOI, and A549) were seeded into 96-well multiplate con-
taining 100 ul of culture medium, and 100 ulL of CTL with
the desired effector/target ratios was added. After incubation
for 24 hr. at 37° C., the cells were fixed with 10% formalin
overnight, and then gently washed by immersing the plate
into tap water. Cells on the bottom of the wells were stained
with crystal violet (0.4% in PBS) for one hour, the dye
extracted with ethanol, and the absorbance at 540 nm
determined.

The same number of lymphocytes were mnduced by the
daily addition of free IL-2, for a total of five doses, and by
continuous exposure to a single dose of IL-2 sequestered
within macroporous alginate/chitosan particles. Moreover,
the CTL induced by alginate/chitosan/IL-2 macroporous
particles attack and solubilize SQ-5 cells as specifically as
those mduced by soluble interleukin-2, indicating the fea-
sibility of using controlled release of cytokines to regulate
the immune system. The controlled delivery of IL.-2 1s more
ciiicient, both 1n terms of units of IL-2 expended and of the
number of manipulations required.

EXAMPLE 4

Sequestration and Sustained Release of Ricin
Toxold Vaccine from Particles

Chitosan/alginate particles containing sequestered ricin
toxoid vaccine were synthesized generally as described 1n
Example 2, except that 0.3% ricin toxoid vaccine 1n PBS

was used instead of FITC-BSA.

Alginate/chitosan particles contamning 50 mg of ricin
toxoid vaccine were placed 1 polypropylene tubes contain-
ing 10 mL of PBS and continuously agitated at 37° C. At
selected time 1ntervals, the solution was centrifuged and the
supernatant fluid sampled and measured by an ELISA
method.

As shown 1n FIG. 5, ricin toxoid vaccine release from the
alginate/chitosan microspheres took place over 10 days.

EXAMPLE 5

Immunogenicity of Alginate/Chitosan Macroporous
Particles Containing Ricin-Toxoid Vaccine

The immunological activity of ricin toxoid vaccine loaded
alginate/chitosan particles were evaluated essentially as
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described in Yan et al. (1995) Vaccine 13: 645. Healthy adult
mice were housed 1n bioclean cages and fed and watered ad
libitum prior to 1mmunization. Vaccine-containing particles
were subcutancously administered as a single dose. Solution
vaccine was subcutaneously administered to control mice.
Six weeks later, the mice were exposed to ricin by means of
an aerosol spray. The dose of ricin was 60 ug/keg via whole
body exposure. The exposed mice were observed daily for
3—4 weeks, and vaccine efficacy was measured, with sur-
vival as the endpoint.

The results are shown 1n FIG. 6 . All control nonimmu-
nized mice died 4 days after exposure to ricin. Four weeks
after exposure to ricin, 16% of mice immunized with solu-
tion vaccine survived, whereas 91% of mice 1mmunized
with vaccine sequestered 1n the porous microspheres of this
invention survived. Clearly, immunization with chitosan/
alginate particles containing ricin toxoid vaccine was sig-
nificantly more efficient than immunization with soluble
vaccine.

While this mvention has been described mm conjunction
with specific embodiments and examples, 1t will be evident
to one of ordinary skill 1in the art, having regard to this
disclosure, that equivalents of the specifically disclosed
materials and techniques will also be applicable to this
invention; and such equivalents are mntended to be 1ncluded
within the following claims.

What 1s claimed 1is:

1. A time-release delivery vehicle 1n the form of porous
micropheres for the sequestration and sustained delivery of
an active mngredient, the vehicle comprising the product of
the controlled dehydration of microsperes formed by the
reaction of a polymeric anionic material with a polyvalent
cation.

2. The vehicle of claim 1 where the polymeric anionic
material 1s selected from the group consisting of alginate,
polyvinyl alcohol, galactan sulfate, polyacrylic acid, gum
arabic, and polyphosphagine.

3. The vehicle of claim 1 where the polyvalent cation 1s
calcium 10n.

4. The vehicle of claim 1 where the micropheres have a
diameter from about 1 micron to about 1000 microns.

5. A method of preparing a time-release delivery vehicle
for the sequestration sustained delivery of an active
ingredient, the method comprising:

(a) forming a plurality of micropheres by the dispersion of

droplets of a solution of a polymeric anionic material
into a solution of a polycation; and

(b) dehydrating the micropheres by controlled dehydra-
tion.

6. A method of preparing a time-releasing delivery com-
position containing an active ingredient for the sustained

delivery of that active ingredient, the method comprising:

(a) forming a plurality of micropheres by the dispersion of
droplets of a solution of a polymeric anionic material
into a solution of a polyvalent cation;

(b) dehydrating the micropheres by controlled dehydra-
tion;

(¢) loading the micropheres with the active ingredient by
soaking the micropheres in a solution cintaining the
active ingredient;

(d) drying the resulting loaded micropheres;

(e¢) soaking the loaded micropheres in a solution of a
polymeric cationic material; and

(f) drying the resulting micropheres.

7. The method of claim 6 where the polymeric anionic
material 1s selected from the group consisting of alginate,
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polyvinyl alcohol, galactan sulfate, polyacrylic acid, gum
arabic, and polyphosphagine.

8. The method of claim 6 where the polyvalent cation 1s
calcium 10n.

9. The method of claim 6 where the polymeric cationic
material 1s selected from the group consisting of chitosan,
polylysine, and polyarginine.

10. The method of claim 6 where the active ingredient 1s
a protein or peptide.

11. The method of claim 6 where the micropheres have a
diameter from about 1 micron to about 1000 microns.

12. The method of claim 6 where the polymeric anionic

material 1s alginate and the polymeric cationic material 1s
chitosan.

13. The method of claim § where the polymeric anionic
material 1s selected from the group consisting of alginate,
polyvinyl alcohol, galactan sulfate, polyacrylic acid, gum
arabic, and polyphosphagine.

14. The method of claim 5 where the polyvalent cation 1s
calcium 10n.

15. The method of claim § where the micropheres have a
diameter from about 1 micron to about 1000 microns.

16. A time-release delivery composition containing an
active 1ngredient for the sustained delivery of that active

ingredient, the composition comprising the product of the
method of claim 7.

17. The method of claim 16 where the micropheres have
a diameter from about 1 micron to about 1000 microns.

18. The composition of claim 16 where the active ingre-
dient 1s a protein or a peptide.

19. A time-release delivery vehicle 1n the form of porous
micropheres for the sequestration and sustained delivery of
an active ingredient, the vehicle comprising the product of
the lyophilization of microspheres formed by the reaction of
a polymeric anionic material with a polyvalent cation.

20. The vehicle of claim 19 where the polymeric anionic
material 1s selected from the group consisting of alginate,
polyvinyl alcohol, galactan sulfate, polyacrylic acid, gum
arabic, and polyphosphagine.

21. The vehicle of claim 19 where the polyvalent cation
1s calcrum 1on.

22. The vehicle of claim 19 where the microspheres have
a diameter from about 1 micron to about 1000 microns.

23. A method of preparing a time-release delivery vehicle
for the sequestration and sustained delivery of an active
ingredient, the method comprising:

(a) forming a plurality of microspheres by the dispersion
of droplets of a solution of a polymeric anionic material
into a solution of a polycation; and

(b) lyophilizing the microspheres.

24. The method of claim 23 where the polymeric anionic
material 1s selected from the group consisting of alginate,
polyvinyl alcohol, galactan sulfate, polyacrylic acid, gum
arabic, and polyphosphagine.

25. The method of claim 23 where the polyvalent cation
1s calcium 1on.

26. The method of claim 23 where the microspheres have
a diameter from about 1 micron to about 1000 microns.

27. A method of preparing a time-release delivery com-
position containing an active ingredient for the sustained
delivery of that active imngredient, the method comprising:

(a) forming a plurality of microspheres by the dispersion
of droplets of a solution of a polymeric anionic material
into a solution of a polyvalent cation;

(b) lyophilizing the microspheres;

(c¢) loading the microspheres with the active ingredient by
soaking the microspheres 1n a solution containing the
active imngredient;
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(d) drying the resulting loaded microspheres;

(e) soaking the loaded microspheres in a solution of a
polymeric cationic material; and

(f) drying the resulting microspheres.

28. The method of claim 27 where the polymeric anionic
material 1s selected from the group consisting of alginate,
polyvinyl alcohol, galactan sulfate, polyacrylic acid, gum
arabic, and polyphosphagine.

29. The method of claim 27 where the polyvalent cation
1s calcium 1on.

30. The method of claim 27 where the polymeric cationic
material 1s selected from the group consisting of chitosan,
polylysine, and polyarginine.

31. The method of claim 27 where the active ingredient 1s
a protein or peptide.

10
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32. The method of claim 27 where the microspheres have
a diameter from about 1 micron to 1000 microns.

33. The method of claim 27 where the polymeric anionic
material 1s alginate and the polymeric cationic material 1s
chitosan.

34. A time-release delivery composition containing an
active 1ngredient for the sustained delivery of that active
ingredient, the composition comprising the product of the
method of claim 29.

35. The composition of claim 34 where the microspheres
have a diameter from about 1 micron to about 100 microns.

36. The composition of claim 34 where the active 1ngre-
dient 1s a protein or a peptide.

x x * x x
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